Introduction
Mammalian target of rapamycin inhibitors (mTORIs) represent a class of drugs that exhibit immunosuppressive and antiproliferative properties [1, 2] . This has resulted in their approval by the US Food and Drug Administration (FDA) as immunosuppressant therapies following organ transplantation and, more recently, for the treatment of numerous malignancies [1, 2] . Initially, rapamycin (sirolimus) was developed as an antifungal drug against Candida albicans, Aspergillus fumigatus, and Cryptococcus neoformans [1] . Years later, the potent immunosuppressive properties of rapamycin were detected, resulting in its FDA approval as an immunosuppressant therapy for the prevention of renal transplant rejection [3] . The development of rapamycin as an anticancer agent began in the 1990s with the discovery of temsirolimus [4] , a novel soluble rapamycin derivative that subsequently became the first FDA-approved mTORI for the treatment of advanced renal cell carcinoma based on the findings of a pivotal phase III trial [4] . Rapamycin 'rapalogs', such as temsirolimus, everolimus, and ridaforolimus, are associated with improved pharmacokinetics and manageable immunosuppressive effects [5] , and temsirolimus and everolimus have since been FDA approved for various malignancies [6, 7] . The therapeutic effects of rapamycin rapalogs are generally similar to that of rapamycin, but these derivatives are more hydrophilic and can often be administered either orally (everolimus) or intravenously (i.e., temsirolimus and ridaforolimus) [8] .
The adverse effects associated with mTORIs such as rapamycin, temsirolimus, and everolimus are well characterized [3, 6, 7] , and medical oncologists and transplant physicians are generally aware of the potential oral complications associated with mTORIs. The incidence of these complications vary according to the clinical setting, with sirolimusassociated oral mucosal injury rates (all grades) of less than 20% in renal transplant recipients [3] and everolimus-associated stomatitis rates (all grades) as high as 44% in patients with renal cancer [7] . This marked difference may be related to the use of mTORIs at lower doses in the posttransplantation treatment setting [3, 7] . However, mTORI-associated oral mucosal injury has often been termed 'mucositis' (potentially confusing the lesions with standard chemotherapy-induced lesions) or 'stomatitis', and has also been mistaken as oral symptomatology associated with conditions such as xerostomia, glossodynia, overall oral dysfunction, and even premalignancy. The difficulty in determining the appropriate terminology and accurately identifying mTORI-associated oral mucosal injury can lead to misdiagnosis by medical oncologists or transplant physicians, potentially resulting in inappropriate management of this complication.
Case Series
Here, we report three cases seen in the oral medicine program at the University of Maryland that illustrate the complexity involved in the early assessment, referral, and appropriate management of mTORI-associated oral mucosal injury. The patient was a 46-year-old male with pancreatic cancer who was receiving treatment with everolimus at a daily dose of 10 mg. This medication was started approximately 8 weeks prior to his referral to the oral medicine program for evaluation of severe herpetiform-like oral ulcerations on the lateroventral tongue ( fig. 1 ) that were extremely painful, resulting in a reduction in normal nutritional intake.
After an initial assessment and history of the patient was undertaken, it was determined that these oral ulcerations were related to the initiation of everolimus therapy, and an appropriate discussion with his physician ensued. However, the patient succumbed to disease progression prior to initiation of an appropriate planned therapeutic regimen to manage his ulcerations that would have comprised the use of topical steroid applications to the oral lesions. Although the poor outcome of this patient was not attributed to the mTORIassociated oral complication, this case clearly supports the need for prevention protocols to improve quality of life regardless of disease prognosis.
Case 2
The patient was a 39-year-old female renal transplant recipient who was receiving sirolimus at a prescribed daily dose of 2 mg following transplantation, which had been completed approximately 100 days prior to her referral. She had begun to develop oral ulcerations 3 months after renal transplantation and previous treatment with cyclosporine. The patient presented with ulcerations on the lateral tongue ( fig. 2a ) and lower lip vestibule ( fig. 2b ) and was referred to the oral medicine program. It was determined that sirolimus was the most likely cause of the oral ulcerations, and the patient was prescribed topical clobetasol ointment applied locally to the oral ulcers. This approach was selected due to the anterior location of the lesions. The ulcer on the lower lip responded quickly to the topical clobetasol ointment, showing resolution in less than 10 days of therapy. Although the ulceration on the tongue reduced in size following treatment with the ointment, it continued to persist and caused a considerable reduction in quality of life. The transplant physicians have not planned any alterations in therapies for the patient, and she has not been to any follow-up appointments in the oral medicine department.
Case 3
The patient was a 75-year-old female who was referred from a local hospital to the oral medicine program for what were thought to be premalignant oral lesions. She had been diagnosed with hormone receptor-positive breast cancer 5 years prior to referral and had recently been treated with letrozole, demonstrating minimal response. A course of everolimus at 10 mg/day was started, and oral ulcers began to develop approximately 10 days after treatment initiation. The subject was evaluated and presented with a large (approx. 1.0 × 1.0 cm), irregular oral ulcer on the lower lip and two small adjacent lesions ( fig. 3a) . After her complete history was taken, a presumptive diagnosis of mTORI-associated oral mucosal injury was made. The diagnosis was discussed by phone with her oncologist, and the immediate thought was to reduce or discontinue the everolimus. We advised the oncologist that we would try a course of topical steroid and later determine whether any change in cancer therapy should be considered. The patient was prescribed dexamethasone elixir 0.5 mg/5 ml and was instructed to rinse with 5 ml of this solution 4 times daily, holding the liquid intraorally for 2-5 min before expectorating. The patient had near-complete resolution of the ulcerations after 1 week of this therapy and was completely ulcer free after 2 weeks. There was no dose reduction in her everolimus therapy, but she developed a second ulcer episode on the tongue approximately 4 weeks later ( fig. 3b ), but this resolved after an additional 2
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weeks of treatment with dexamethasone elixir. She is currently continuing with this rinse regimen twice daily and has remained ulcer free for 3 months since resolution of the initial lower lip ulcerations. As of this writing, the patient has maintained her cancer treatment.
Discussion
Conventional oral mucositis initiated by high-dose chemotherapy or radiotherapy has been studied and described over many years [9] . The expression of oral mucosal injury observed in association with mTORIs [10] and tyrosine kinase inhibitors, including erlotinib, sorafenib, and sunitinib, is unique [11] . The oral lesions associated with mTORI toxicity are distinct from chemotherapy-and radiotherapy-induced mucositis, and its onset is consistently earlier than that seen with conventional mucositis [10] . These mucosal ulcerations are considered an adverse effect related to the mTORI drug class. The oral lesions associated with mTORIs appear to resolve within approximately 2 weeks and do not seem to recur as severely with subsequent courses of therapy. The experience with mTORI-associated oral mucosal injury in transplant patients supports the view that dose adjustments are not usually warranted [12] . Clinicians must always consider how significantly the effects of oral ulcerations alter the patient's quality of life.
The mTORI-associated oral lesions present as multiple or singular ulcerations that are usually small, are generally less than 0.5 cm in diameter, and may be present primarily in the anterior third of the oral cavity [10] . However, larger lesions and those extending into the tonsillar pillar regions are not uncommon. Pain is a consistent finding in all types of mucosal injury, and some of the smaller but multiple, deep ulcerations found in mTORI-associated oral mucosal injury may be significantly painful and affect nutritional intake. The lesions resemble the relatively common condition of recurrent aphthous ulceration (RAU) and usually present as either the minor form of RAU or herpetiform RAU [10] . T-cell responses have been shown in RAU [13] to be involved in the pathogenesis of the lesions and should be included in future studies of mTORI-associated oral mucosal injury. Corticosteroids appear to be very useful in managing and perhaps preventing the lesions, whereas this approach has never shown efficacy in conventional chemotherapy-related mucositis [14] . A retrospective analysis of cancer patients treated with everolimus or ridaforolimus reported clinical improvement in most patients (87%) with mTORI-associated stomatitis after treatment with interlesional, topical, or systemic corticosteroid therapy [15] . This is consistent with the report that clobetasol reduced aphthous ulceration in renal transplant patients receiving sirolimus [14] .
Conclusion
These three case reports illustrate the complexity of dealing with the oral complications of targeted cancer and posttransplant therapies, and specifically mTORI-associated oral mucosal injury. Because mTORIs are approved for numerous cancer treatment applications and are usually given at higher doses than have previously been used in organ transplant recipients, the incidence of associated mucosal injury will be more commonly recognized in the future. With these three sample cases, we have highlighted the need for education of patients, early and accurate recognition by the oncology and transplant teams, and early referral to an oral care professional experienced in the management of these types of conditions (table 1) . Once identified, therapeutic interventions should be initiated and continued as Table 1 . Recommendations for the prevention and management of mTORI-associated oral mucosal injury
Patient education prior to initiation of mTORI therapy
Prompt reporting Educate patient on common signs and symptoms Contact physician at first sign of mouth discomfort Contact physician if lesions occur that interfere with eating or drinking Consistent, regular, and thorough brushing with a soft toothbrush; flossing after each meal; frequent rinsing with bland rinses such as sterile water, normal saline, or sodium bicarbonate; use of oral moisturizers Avoid alcohol-containing over-the-counter rinses and toothpastes with sodium lauryl sulfate Avoid alcohol-or peroxidase-containing mouthwash products Avoid acidic, spicy, hard, or crunchy foods, and consume foods that are tepid rather than hot Stress the need for regular dental examinations Treat anticipated infections (e.g., periodontal disease) Evaluate for herpetic and fungal infections, and administer antivirals (e.g., acyclovir) and antifungals (e.g., fluconazole) as appropriate
Treatment options
Dexamethasone 0.5 mg/5 ml a 500 ml bottle 5-10 ml, swish and hold for 2-5 min and expectorate; repeat 3-6 times daily Refills: as needed Clobetasol ointment, cream, or gel (select on patient preference) b 60 g tube Apply locally as directed 3-4 times daily Refills: as needed a Topical rinse applications such as this are useful when lesions are numerous or located in the posterior aspects of the oral cavity. b Topical applications such as this are useful only when there are one or two lesions that are easily accessible with a cotton swab applicator (i.e., near the anterior of the oral cavity). 
